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Abstract: Vocational High Schools (SMK), which initially aimed to produce ready-to-work graduates, is the 
biggest contributor to unemployment. Efforts to overcome this, SMK graduates need to be given 21st century 
skills to increase agility to survive in the current industrial 4.0 era. 21st century skills are described as: life and 
career skills, learning and innovation skills and information media and technology skills. 
This study conducted a sample grouping of the data from 10,737 students of State Vocational High Schools in 
Bogor Regency who took advantage of the data mining process using clustering techniques. The method in this 
study uses the Cross-School Standard Process for Data Mining (CSISP-DM). While the algorithms used for 
cluster determination are hierarchical and non-heirarchic (K-Means) algorithms. Hierarchical algorithm is a 
method that does not determine the number of clusters, so that the result or output of a dendogram with a certain 
number of clusters is determined by the distance until only 2 clusters are formed. K-Means is a non-hierarchical 
clustering data method that can group student data into several clusters based on the similarity of these data, so 
that student data with the same characteristics are grouped into one cluster and those with different 
characteristics are grouped into other clusters. SPSS 25 is used to help find accurate values. The attributes used 
are life and career skills, learning and innovation skills and information media and technology skills. 
The results showed that life and career skills had a frequency of 4,130 students or 38%, learning and innovation 
skills had a frequency of 4,977 students or 46% and information media and technology skills had a frequency of 
3,796 students or 35%. Meanwhile, 21st century skills at 11 SMKN in Bogor Regency are described in stages. 
The results of Non-Hierarchical Clustering are described in three ways. Furthermore, this research can be used 
as a basis for decision making to determine future Vocational School development strategies. 
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Since Schwab (2016) introduced the term the fourth Industrial Revolution, the transformation of 
this world has become increasingly rapid. In the past, when the first industrial revolution appeared, the 
production machines were driven only by the power of water and steam. Furthermore, in the era of the 
second industrial revolution, the use of electricity for mass production became very massive. Entering 
the era of the third industrial revolution, the use of electronics and information technology is not 
something to be denied. So that many productions apply machine automation. In the current era, the 
fourth industrial revolution, namely the combination of technology by blurring the lines between the 
physical, digital, and biological fields. The peculiarities of this fourth industrial revolution are the 
speed, scope, and impact of the system. Because of the growing speed, it has caused disrupting in 
almost all countries. 
Referring to these increasingly massive changes, the education sector certainly needs to move 
forward with it. Education itself is a basic human foundation to be able to form individuals who are 
ready to fill and mobilize industrial/business potential in a country. To accommodate this, Education 
4.0 was created. Hussin (2018) explains that Education 4.0 is a form of response to the needs of the 
fourth Industrial Revolution, which aligns humans with technology to create new possibilities. 
The urge to fulfill skills through Education 4.0 is something immediately to be realized. But this is 
not easy. This is even more so if it is implemented simultaneously in the country due to the uneven 
aspects of ICT (Information Communication and Technology). Muawiyah et al. (2018) explained that 
ICT itself is a skill that students must have. The implementation of ICT in the learning process will 
improve the basic ICT skills of students, especially vocational students. Whereas VHS itself, 
according to Lopez-Mayan and Nicodemo (2012), is a vocational school that is oriented to provide 
special qualifications to access the labor market. 
Data per February 2020 showed that the highest unemployment rate occupied by VHS graduates 
at 8.49% (Central Statistics Agency, 2020). Every year, VHS produces about 1.4 million graduates, 
but not all of them enter college or are absorbed in the world of work. This is ironic because VHS, 
which initially aimed to produce ready-to-work graduates, is the biggest contributor to unemployment. 
The amount of 11.41% is the largest number of unemployed coming from VHS (Ratnasari, 2018). The 
same thing was expressed by the Minister of Education and Culture 2016-2019, Muhadjir Effendy, 
that the quality of VHS in Indonesia is still lacking. As a result, many VHS graduates are unemployed. 
He even admits that there are only 219 VHSs that have corporation standards (Harususilo, 2018). 
The existence of the Covid-19 pandemic has an impact on the decline in economic growth. Of 
course, this condition greatly affects VHS graduates this year. Many graduates who try to find work 
are predicted to end up unemployed. Therefore, Ball et al. (2016) directs schools to complement 
academic skills, and also life and career skills for the success of students when they leave school. 
Furthermore, the importance of students' mastery of non-cognitive skills, especially as this area is an 
emerging priority in educational reform and global markets. These are all the scope of 21st-century 
skills. 
Based on the explanation above, researchers need to conduct an assessment of the 21st-century 
skills possessed by VHS students. Considering that the government has issued a VHS revitalization 
policy, many VHSs are required to be ready to face the demands of the fourth Industrial Revolution. 
Then it remains how the VHS can take advantage of these opportunities. Starting here, this research 
needs to be done. 
 
LITERATURE REVIEW AND HYPOTHESIS DEVELOPMENT 
 
Twenty First Century Human Resource Skills 
Life and Career Skills 
Singh & Gera (2015) stated that life skills can be described as a person's ability to behave 
adaptively and positively that allows him/her to survive by handling life's demands and challenges 
effectively in his daily life. With these abilities, these individuals can make informed decisions, solve 
problems, think critically and creatively, communicate effectively, build relationships, empathize with 
others, manage and cope with their lives in a healthy and productive way. 
Life skills themselves are generic, depending on how much life experience a person has lived. 
However, in the context of vocational students, who are adolescents, their life experiences 
(challenges) are not as many and complex as adults. It is for this that it is necessary to be honed and 
improved sequentially. Including when they choose to have a career. These skills will automatically 
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form a desire in students when completing their formal education. Will he choose to work, continue his 
studies, or be entrepreneurial? Life and career skills are very pointful in understanding her 
psychological aspects and maturity. So how the school can provide experience and skill maturation of 
their students. 
Learning and Innovation Skills 
As long as humans live their lives, the learning process will always take place. So that 
humans will always develop and have a lot of thoughts. This is what makes learning and 
innovation skills always emerge. Paiwithayasiritham (2014) explains that learning and 
innovation skills are divided into creativity and innovation, critical thinking, and solving 
problems, and communication and collaboration. For this reason, learning and innovation 
skills are included as skills in the 21st century. Often in schools, these learning and 
innovation skills are supported by qualified school facilities, and what about schools with 
minimal facilities. This is what needs to be examined through this research. 
Information Communication and Technology (ICT) 
Current technological developments require changes in teaching methods and student 
perspectives. ICT will certainly be implemented and run by many schools. Even these ICT 
facilities are always highlighted as the excellence of the school. But not necessarily these 
advantages can be enjoyed and understood by all students. On the other hand, it is 
imperative to be part of the skills of the 21st century. Today, technology cannot be separated 
from each other in their daily lives. So, technology is a part of a student's life and is a must to 
be able to master it. Many cases of ICT can make it easier for students to learn. However, so 
far the ICT is controlled by VHS students. For this reason, it is necessary to explore the 
meaning of ICT in these students. In this research, ICT can be described as learning that 
applies the concepts of computer and multimedia learning. The application of this concept 
will be more interesting, fun, and believed to be able to improve learning outcomes 
(Nurdyansyah & Riananda, 2016). On this basis, the need for a vocational school student to 
master ICT. 
Data Mining 
Data mining is a process that uses statistical techniques, mathematics, artificial 
intelligence, and machine learning to extract and identify useful information and related 
knowledge from large databases. According to Larose (2006), data mining is divided into 
several groups based on the tasks that can be done. 
a. Description 
Sometimes researchers and analysts simply want to try to find ways to describe the 
patterns and trends contained in the data. 
b. Estimate 
Estimation is almost the same as classification, except that the estimated target variable 
is more numerical than categorical. 
c. Prediction 
Prediction is almost the same as classification and estimation, except that in the 
prediction the value of the results will be in the future. 
d. Classification 
In classification, there are target categorical variables. 
e. Clustering 
Clustering is a method for finding and grouping data that have similar characteristics 
(similarity) between one data and another. Clustering is an unsupervised data mining 
method. 
f. Association 
The task of associations in data mining is to find attributes that appear at a time. In the 
business world, it is more commonly called shopping cart analysis. 
Clustering 
Clustering is a data mining technique that functions to classify data based on the 
similarity of data in one group and to minimize similarities in other groups. Clustering is a 
grouping of records, observations, or attention and forms a class of similar objects. A cluster 
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is a collection of records that have similarities with one another and have similarities with 
records in other clusters. There are two clustering methods that we know, namely 
hierarchical clustering and non-hierarchical clustering.  
Hierarchical clustering has two types of methods, namely agglomerative and divisive. 
Agglomerative clustering or also called the "bottom-up" method because each object is 
considered a single cluster than the clusters are combined so that only one cluster remains. 
Divisive clustering is also called the "top-down" method. In the divisive method, initially, all 
objects are considered to be the same cluster, thus the process of splitting the clusters into 
two clusters is carried out until each object is considered a single cluster. The process of 
forming clusters in hierarchical clustering is described through a two-dimensional diagram 
called a dendrogram. The dendrogram image is the formation of clusters with both 
agglomerative and divisive procedures in the form of a dendrogram. The procedure that is 
often used in the hierarchical clustering method is the agglomerative procedure. Initially, 
there are n members/observations which are considered n clusters or single groups and in 
the end produce one cluster or one group containing n members. Commonly used basic join 
operations include single linkage, complete linkage, and average linkage. The three methods 
have differences in determining the distance (similarity) between objects and groups of 
objects or groups of objects with groups of objects. Single linkage is a merging operation 
that uses the minimum distance or nearest neighbor. Conversely, complete linkage uses the 
farthest distance (farthest neighbor). Meanwhile, average linkage uses a distance average to 
determine the distance between objects. Other combined operating methods include Ward's 





K-means clustering is one of the Non-Hierarchical Clustering data methods that classify 
data in the form of one or more clusters/groups. Data that have the same characteristics are 
grouped into one cluster/group, and data that have different characteristics are grouped with 
other clusters/groups so that data in one cluster/group has a small level of variation. The 
steps for clustering using the K-Means method are as follows: 
1. Select the number of clusters K 
2. Iinitialization of the cluster center can be done in various ways. But what is most 
often done is random. Cluster centers are assigned an initial value with random 
numbers. 
3. Allocate all data/objects to the nearest cluster. The proximity of two objects is 
determined based on the distance between the two objects. Likewise, the closeness 
of data to a particular cluster is determined by the distance between the data and the 
cluster center. In this stage, it is necessary to calculate the distance of each data to 
each cluster center. The distance between one data and one particular cluster will 
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determine which data is included in which cluster. To calculate the distance of all 
data to each cluster center point, the Euclidean distance theory can be used. 
4. Recalculate the cluster center with the current cluster membership. The cluster 
center is the average of all data/objects in a particular cluster. If desired, you can also 
use the median (middle value) of the cluster. So the mean (mean) is not the only 
measure that can be used. 
5. Assign each object again using the new cluster center. If the cluster center does not 
change again, the clustering process is complete. Or, go back to step number 3 until 
the cluster center does not change anymore. 







This research uses quantitative data. The data used are real numbers that describe the attributes 
in this study. While the analysis method used is Modified Hierarchical Clustering and Non-Hierarchical 
Clustering, where the researcher creates several clusters. These are then made into defined clusters. 
While the data used is in the form of data mining, which must be divided into groups based on 
clustering, a method for finding and classifying data. 
Larose (2006) then describes the phases in data mining known as CRISP-DM (Cross School 
Standard Processor Data Mining) as shown in Figure 3.1 are as follow: 
a. School Understanding Phase 
b. Data Understanding Phase 
c. Data processing phase (Data Preparation Phase) 
d. Modeling Phase 
e. Evaluation Phase 
f. Deployment Phase 
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Figure CSISP-DM diagram 
 
RESULT AND DISCUSSION 
 
School understanding, the first stage in the CSISP-DM process which can also be called 
the School understanding stage (research). In this stage, the researcher explores the need 
for data search and clustering according to school objectives. 
a. Determining School Goals 
The purpose of the school-based data processing on vocational school students in 2020, 
among others, is to classify 21st-century human resource skills for students in 2020. Data 
grouping is carried out because the data in the field shows that the highest number of 
unemployed is VHS students graduate as much as 8.49% as of February in 2020. The 
purpose of grouping data can be used as one of the bases for decision making to determine 
the VHS development strategy. 
b. Conduct a Situation Assessment 
At this stage, an understanding of the school's goals is needed and translating it into 
data mining objectives. 
c. Determine the initial strategy 
The initial strategy in implementing the objective of data mining was to first collect 
student data from 11 VHSNs in Bogor Regency. 
d. Data Understanding 
The dataset of VHSN students obtained via google form from 11 VHSN in Bogor 
Regency are processed into excel document tabulation data containing data on 21st Century 
HR Skills for student. 
 
Initial data collection, The collection of data sources using google form which is linked to 
all students on 11 public VHS in Bogor Regency. The data collected is then processed into 
data used in this study. This is the tabulation dataset for grade 10, 11, and 12 2020 SMKN 
students with the .xlsx format. 
a. Describe data 
The VHS student dataset consists of the attributes of life and career skills, learning and 
innovation skills, and information media and technology skills. The amount of data on the 
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b. Evaluate data quality 
The results of the evaluation of data quality were that student respondents who 
answered not according to competence were not considered in frequency and found several 
null values called missing values in the attributes in the student datasets. 
c. Attribute Selection 
The attributes used are: 
1. Life and career skills, 
a. Can adapt to the work environment 
b. Can work (career / open a business) 
c. Can handle challenges 
d. Can make decisions 
e. Can solve the problem 
2. Learning and innovation skills (learning and innovation skills) 
a. Always interested in learning new things 
b. Innovate often  
c. Creative 
d. Critical thinking 
e. Can cooperate 
3. Information media and technology skills (information media and technology skills) 
a. Using ICT learning methods 
b. ICT Facilities in Schools 
c. Everyday using ICT 
d. Can take advantage of ICT 
e. Teachers Have ICT Competence 
Data preparation includes all activities to build student datasets that will be applied to 
modeling tools, from the initial raw data in the form of student datasets, and will then carry 
out the data mining process. 
a. Data Selection 
The data used are students' positive answers related to life and career skills, shortened 
to LNCS, learning and innovation skills shortened to LNIS, and information media and 
technology skills shortened to IMNTS. 
b. Raw data processing (Preprocessing Data) 
At this stage, it is the stage to ensure that the selected VHS student data is suitable for 
data processing. 
c. Data transformation 
Data of nominal types such as skills names and school names must be initialized in 
numerical form. Initialization can be done by: 
1. In the Skill Name, initially the division is carried out. The skills are divided into 
Skills sections. 
Table shows that it can be concluded that the highest percentage of skills mastered by 
VHS students is learning and innovation skills (LNIS) with 46% of the data. Meanwhile, the 
lowest percentage of skills is in information media and technology skills (IMNTS) within a 
total of 46%. 
2. Hence the school names are divided into several parts. 
Table shows that the highest percentage of students' skills seen is SMKN 1 Gunungputri 
48% and SMKN 1 Bojong Gede 48%. Meanwhile, the data for the lowest percentage of 
student skills is at SMKN 1 Puncak Cisarua 24%. 




Frequency Percentage Initialization 
Life and career skills (LNCS) 10,737 4,130 38% 1 
Learning and innovation skills (LNIS) 10,737 4,977 46% 2 
Information media and technology skills 10,737 3,796 35% 3 
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1. Making variables and types of school names and skills names. 
Table shows the number of 21st-century skills per attribute and school. The data shows 
that the average number of students with the highest number of students who have 21st-
century skills is SMKN 1 Cibinong with a total of 810 students. Furthermore, in the second 
place, there is SMKN 1 Gunungputri with a total of 645 students. Meanwhile, the school that 
has several 21st-century skilled students is SMKN 1 Kemang with a total of 85 students. 


















SMKN 1 Cileungsi 363 524 297 394 
SMKN 1 Puncak Cisarua 145 138 152 145 
SMKN 1 Gunung Sindur 240 361 293 298 
SMKN 1 Cariu 248 320 250 273 
SMKN 1 Gunungputri 609 757 570 645 
SMKN 1 Ciomas 489 506 402 466 
SMKN 1 Bojong Gede 669 625 488 594 
SMKN 1 Kemang 81 102 73 85 
SMKN 1 Leuwiliang 340 220 220 260 
SMKN 1 Cibinong 686 1028 717 810 
SMKN 2 Cibinong 260 397 333 330 
 
2. The statistical descriptive output is used to show the minimum, maximum, 
and mean data. The data shows that the Standard Deviation value is away 






Freq. % Initialization 
 SMKN 1 Cileungsi 1,117 394 35% 1 
SMKN 1 Puncak Cisarua 602 145 24% 2 
SMKN 1 Gunung Sindur 888 298 34% 3 
SMKN 1 Cariu 893 273 31% 4 
SMKN 1 Gunungputri 1,345 645 48% 5 
SMKN 1 Ciomas 928 402 43% 6 
SMKN 1 Bojong Gede 1,014 488 48% 7 
SMKN 1 Kemang 307 85 28% 8 
SMKN 1 Leuwiliang 861 260 30% 9 
SMKN 1 Cibinong 2,022 810 40% 10 
SMKN 2 Cibinong 760 330 43% 11 
Table Descriptive Statistics 
  
N Min. Max. Mean 
Std. 
Deviation 
LNCS 11 81 686 375.45 209.569 
LNIS 11 102 1,028 452.55 276.853 
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Table shows the minimum and maximum frequency of each skill of all VHS in the Bogor 
District. There is a minimum number of Information Media and Technology Skills with a total 
of 73 students. 
 
Modeling, a phase that directly involves data mining techniques, by selecting data 
mining techniques and determining the algorithms to be used. Selection of the modeling 




Figure Flowcart SPSS 
 
Figure shows the steps in data processing. 
a. Hierarchical Clustering 
The results in Figure 4.2 are the dendrogram results of cluster analysis with the single 
linkage method, where the more clusters are selected, the smaller the distance. From the 
dendrogram with a distance of more than 25, 1 cluster is obtained (no grouping occurs), 
whereas if the distance is 25 then 2 clusters are obtained, namely cluster 1 consisting of 
IMNTS 11 73 717 345.00 188.080 
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SMKN 1 Cibinong while other schools enter into cluster 2. This result is similar to the 




Likewise, if we take the distance of 20, there are 3 clusters, where cluster 1 consists of 
SMKN 1 Cileungsi, SMKN 1 Puncak Cisarua, SMKN 1 Gunung Sindur, SMKN 1 Cariu; 
cluster 2 consists of SMKN 1 Gunungputri and SMKN 1 Bojong Gede; while the remaining 
SMKN are included in cluster 3. Equally, for other distances, which result in the number of 
clusters that may differ from one another. The more clusters formed, the smaller the 
distance. That is, the more similar the clusters are and have the similarity between clusters. 
 
In processing cluster analysis using SPSS, it can be used as a note that the dendrogram 
results in the hierarchical method are not determined by the number of clusters. The result or 
dendrogram output with a certain number of clusters is determined by the distance until only 
2 clusters are formed. In the dendrogram (figure 4.2), the maximum distance is 25 (i.e. until 
only 2 clusters are formed). In contrast to non-hierarchical methods such as K-Means, the 
number of clusters is predetermined.. 
 
b. Non-Hierarchical Clustering 
The Initial Clusters table shows the first three clusters formed. Then the K-Means Cluster 
method will test and reallocate the existing clusters. This process is called Iteration, which 
contains changes to the initial cluster in table. 
 
Table Initial Clusters 
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Table Iteration History 
 
Source: data processing SPSS 25 
 
The result of K-Means is the Final Cluster Centers, which contain three clusters to divide 11 
Public VHSs based on the life and career skills shortened to LNCS, learning and innovation skills 
shortened to LNIS and media skills information and technology (information media and technology 
skills) will be abbreviated as IMNTS in 2020. 
Table Final Clusters 
 
Source: data processing SPSS 25 
 
Based on the final cluster center table, it can be concluded that of the three variables that are 
relevant to differentiating the contents of clusters in grouping Public VHSs which include cluster 1, 
cluster 2, and cluster 3. The data in Table shows that cluster 1 contains 3 VHSs, while cluster 2 
contains 2 VHSs and cluster 3 contains 6 VHSs. 
 
Table Number of Cases 
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Evaluation is an advanced phase of data mining objectives. The evaluation is carried out in-
depth with the aim that the results at the modeling stage match the goals to be achieved in the school 
understanding stage. 
a. Evaluation Results 
This stage assesses the extent to which the results of data mining modeling meet the data mining 
objectives that have been determined at the School understanding stage. 
b. Review Process 
At this stage, the researcher ensures that all-important stages/factors that have been carried out 
in data processing are not overlooked. 
c. Determine Next Steps 
At this stage is the stage in determining the next steps to be taken. There are 2 options, returning 
to the initial stage (School understanding) or continuing to the final stage (deployment). 
 
Deployment, this research eventually can see the distribution of the data that has been 
processed into clusters.  
a. Hierarchical Clustering Analysis 
Details of the number of member clusters formed can be seen in table: 
 
Table Hierarchical Clustering 
 
Source: data processing 
 
The output results show the grouping of the objects of observation against the 5 clusters that 
have been preset. There is no specific reason why choosing 5 clusters. This is done so that the 
results are more centered on 2, 3, 4, or 5 clusters so that they are easy to read. For example, if 2 
clusters are used, then SMKN 1 Cileungsi, SMKN 1 Puncak Cisarua, SMKN 1 Gunung Sindur, SMKN 
1 Cariu, SMKN 1 Gunungputri, SMKN 1 Ciomas, SMKN 1 Bojong Gede, SMKN 1 Kemang, SMKN 1 
Leuwiliang and SMKN 2 Cibinong are at cluster 1 while the other SMKNs are grouped into cluster 2. 
Likewise for the number of clusters as many as 3, 4, or 5. 
 
For 5 clusters, the following groupings were obtained: Cluster 1 consisted of SMKN 1 Cileungsi, 
SMKN 1 Gunung Sindur, SMKN 1 Cariu, SMKN 1 Leuwiliang and SMKN 2 Cibinong. Cluster 2 
consists of SMKN 1 Puncak Cisarua and SMKN 1 Kemang. Cluster 3 consists of SMKN 1 
Gunungputri and SMKN 1 Bojong Gede. Cluster 4 consists of SMKN 1 Ciomas. Finally, Cluster 5 is 
only SMKN 1 Cibinong. 
 
b. Non-Hierarchical Clustering Analysis 
As previously explained, the non-hierarchical method is a clustering method where the number of 
clusters is known. In this case, the number of clusters is determined to be 3 clusters. From 4.10 it can 
be seen that the number of objects in cluster 1 (first) is 3 SMKN in Bogor Regency while cluster 2 
(second) is 2 SMKN in Bogor Regency and the rest are grouped into cluster 3 (third). This can be 
described as follows: 
Cluster 1: SMKN 1 Gunungputri, SMKN 1 Bojong Gede and SMKN 1 Cibinong; 
Cluster 2: SMKN 1 Puncak Cisarua and SMKN 1 Kemang; 
Cluster 3: SMKN 1 Cileungsi, SMKN 1 Gunung Sindur, SMKN 1 Cariu, SMKN 1 Ciomas, SMKN 1 
Leuwiliang and SMKN 2 Cibinong 
Case 5 Clusters 4 Clusters 3 Clusters 2 Clusters
1:SMKN 1 Cileungsi 1 1 1 1
2:SMKN 1 Puncak Cisarua 2 2 1 1
3:SMKN 1 Gunung Sindur 1 1 1 1
4:SMKN 1 Cariu 1 1 1 1
5:SMKN 1 Gunungputri 3 3 2 1
6:SMKN 1 Ciomas 4 1 1 1
7:SMKN 1 Bojong Gede 3 3 2 1
8:SMKN 1 Kemang 2 2 1 1
9:SMKN 1 Leuwiliang 1 1 1 1
10:SMKN 1 Cibinong 5 4 3 2
11:SMKN 2 Cibinong 1 1 1 1
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CONCLUSIONS 
The results of this study can be concluded that the percentage of 21st-century skills with a 
sample of 10,737 students in public VHSs throughout Bogor Regency is life and career skills with a 
frequency of 4,130 students or 38%; learning and innovation skills with a frequency of 4,977 
students or 46%; and information media and technology skills with a frequency of 3,796 students or 
35%. This supports the picture by Lawitta et al. (2017), where there is still a need to improve the 
skills of VHS students in Indonesia. Moreover, not all VHS students approach the expected 21st-
century skills. 
Meanwhile, 21st-century skills in students at each public VHSs in Bogor Regency are 
respectively SMKN 1 Gunungputri and SMKN 1 Bojong Gede by 48%; SMKN 2 Cibinong and 
SMKN 1 Ciomas respectively by 43%; SMKN 1 Cibinong by 40%; SMKN 1 Cileungsi by 35%; 
SMKN 1 Gunung Sindur by 34%; SMKN 1 Cariu by 31%; SMKN 1 Leuwiliang by 30%; SMKN 1 
Kemang is 28% and the last is SMKN 1 Puncak Cisarua by 24%. These results indicate, not a 
single public VHS in Bogor Regency has been able to approach the expected 21st-century 
capabilities.  
Felestin and Triyono (2015) explain that the implementation of TQM in public VHS is better 
than private VHS in Indonesia. This is because of the funding factor from the government. However, 
when collided with the results of the above research, it shows that school management is not 
optimal yet. Several aspects that need to be addressed include teacher competence, especially in 
ICT (Nurhabibah et al., 2017) and professionalism (Agung, 2018), equipment (Suartini, 2019), and 
vocational learning (Ermawati and Wagiran, 2018). Hopefully, there are no problems with other 
aspects. 
The results of non-hierarchical clustering are that in Cluster 1 there are schools SMKN 1 
Gunungputri, SMKN 1 Bojong Gede and SMKN 1 Cibinong. Meanwhile, Cluster 2 of SMKN 1 
Puncak Cisarua and SMKN 1 Kemang. Cluster 3 SMKN 1 Cileungsi, SMKN 1 Gunung Sindur, 
SMKN 1 Cariu, SMKN 1 Ciomas, SMKN 1 Leuwiliang and SMKN 2 Cibinong. 
Although it only uses data from public VHSs in all Bogor districts, the results of this study are a 
representation of the condition of public VHS in Indonesia. So that in the end, the results of this 
study can be used as a basis for decision making to determine the strategy for developing 
vocational schools in Indonesia.  
VHS as a formal educational institution that is expected to be able to support the acceleration of 
national development must be sensitive to its potential. Based on basic education data (Dapodik), 
the total number of VHSs is currently 14 thousand units, 25% of which are public VHSs and the rest 
are private VHSs. While the number of students is more than 5 million students, with 9 areas of 
expertise, 49 expertise programs, and 146 skill competencies. In addition to being an indicator of 
success in providing access to secondary education, these figures also reflect the magnitude of the 
challenges for the government to ensure the provision of quality education following national 
education standards to overcome industrial and work problems for VHS graduates as follows: 
1. There is a gap between expectations and reality between high school graduates and the needs 
of industry and the world of work 
2. There is no link and match between graduates and needs 
3. Hard skills and soft skills are not yet balanced. 
4. Lack of industrial training materials for VHS graduates. 
The solution, researchers divided their respective roles as follows: 
1. Government have to run the Vocational Working Committee Program, the White Paper 
Program, and creating policies and competency ecosystem for VHS graduates. 
2. VHS needs to compile the curriculum together with Campuses and Industries, taught by 
industry practitioners, run the apprenticeship program, certificate teachers and students 
competencies certification through training, assistive equipment, and stimulate research 
student competencies. 
3. Industrial preferably to recruit the vocational graduate, conduct apprenticeship program, 
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